Ground winds for Kennedy Space Center, Florida, 1979 revision by Brown, S. C. & Johnson, D. L.
N A S A  TECHNICAL 
MEMOdANDUM 
(NASA-'; ' 8 2 2 9 )  G R O U N D  WINDS FOR KENNEDY N79-25662 
,PACE CbaTEE, FLORIDA, 1979 R E V I S I O N  (NASA) 
? 7 2  p HC A09/UP A01 CSCL 04B 
Unclas 
G3/47 22256 
GROUND WINDS FOR KENNEDY SPACE CENTER, FLORI DA 
(1979 REV I S I ON) 
R y  D. L, Johnson and S. C.  Brown 
Space Sciences Laboratory 
,June 1979 
NASA 
George C, Alnrrl?nU Spnce Mght Centpr 
hf a r s h d  Spar r';l&ht - Center, Alabdmd 
https://ntrs.nasa.gov/search.jsp?R=19790017491 2020-03-21T21:52:08+00:00Z
NASA TM-78229 I I 
U TITLE AND SUIT ITLE 1s. REPORT DATE 
Ground Winds for Kennedy Space Center, Florida 
( 1979 Revision) 
7. AUTHOR(S) 0 ,  PERFORMING ORGANIZATION REPOR r I 
D. L. Johnson andS. C. Brown 
9. PERFORMiNG ORGANIZATION NAME AND ADDRESS 10. WORK UNIT NO. 
George C. Marshdl  Space Flight Center 1 1. CONTRACT OR GRANT NO. 
Marshall Space Flight Center, Alabama 35812 
13. TYPE OF REPORS' & PERIOD COVER€[ 
12 SPONSORING AGENCY NAME AND ADDRESS 
National Aeronautics and Space Administration 
Washington, D.C. 2E46  
I Technical Memorandum 
1.1. SPONSORING AGENCY CODE 
15. SUPPLEMENTARY NOTES 
Prepared by Space Sciences Laboratory, Science and Engineering 
16. ABSTRACT 
This report presents revised ground-level runway wind statistics for the Kennedy 
Space Center, Florida area. Crosswind, headwind, tnilw ind, :md headwind reversal 
percentage frequencies a re  given with respect to month and hour for the Kennedy Space 
Center Space Shuttle runway. This document supersedes NASA TM-78181 and should hc 
used in place of it. 
17. KEY WORDS 18. DISTRIBUTION STATEMENT 
Runwzy winds 
Crosswinds Unclassified - Unlimited 
Tailwinds 
~eadwind/tailwind reversals 
, 1 1, ? v>./ 
&, , e ~ c + i ' i  L 
--- 
19. SECURITY CLASSIF. (d thl* rw .t) 2 0 .  SECURITY CLASS IF%^ thf* PW) ' 21. NO. OF PAGFS 22 PRICE 
Unclassifierl Unclassified 205 NTIS 
USFC - Form 82BZ (Rev December , @ l a )  For sale hy National Technical Information Service, Springfield, Virginin 22 1 5  I 
ACKNOWLEDGMENTS 
The authors wish to express their appreciation to Messrs. G. Wade ratts 
and Jackie Gibson of Computer Sciences Corporation and their associates for 
their assistance in the programming and reduction of the Kennedy Space Center 
data used in this report. 
I. I N T R O D U C T I O N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
....................... 11. ARRANGEMENT OF TABLES. 
m. RUNWAY CROSSWINDS, TAILWINDS, AND HEADWTND 
REVERSALS ................................... 
................................ A. Background 
............................ B. Runway Orientation 
.................................. C. Data Used 
.................. D. Computationai Methods/Equations 
.......................... E. Explanation of Tables 
.................................. IV. CONCLUSION 
TABLE OF CONTENTS 
iii 
L I  ST OF ILLUSTRATIONS 
Figure Title Page 
1. Space Shuttle Orbiter landing on runway 33 at KSC, 
Florida. .................................... 3 
.................... 2. KSC Space Shuttle runway 15-33 4 
3. K5C percentage of prevailing wind direction ............ 5 
4. KSC mean surface wind speed (knots) ................ 6 
....... 5. KSC crosswind/tailwind speed interval percentages 12 
LI  ST OF TABLES 
MAY .........................*.....**............ 73  
J U N E e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C . . . . . . .  8 7 
J u L Y . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 
A U G U S T . . . . . . . . . . . . . . . . . . . . . . .  .................... 115 
SEPTEMBER.. ...................................... 129 
OCTOBER.......................................... 143 
NOVEMBER ........................................ 157 
DECEMBER .... ................................... 171 
ANNUAL........................................... 185 
FOREWORD 
This revised document was required because of input data format 
problems which led to errors  in the ground wind tables of NASA Technical 
Memorandum 78181, July 1978. This document corrects and supersedes 
NASA TM-78181 and should be used in place of it. 
TECHNICAL MEMORANDUM 78229 
GROUND W I N D S  FOR KENNEDY SPACE CENTER, FLORIDA 
(1979 REV I S I ON) 
I. INTRODUCTION 
This report deals with surface-level wind conditions for NASA's Kennedy 
Space Center (KsC), Florida, including the Cape Canaveral, Florida, area. 
Since KSC will be the primary landing site after the f i rs t  four Orbital Flight 
Tests  of the Space Shuttle, these statistics may prove useful i n  mission planning 
activities. This report presents low-level crosswind, headwind, tailwind, and 
headwind reversal statistics by hour and month for use with the main KSC Shuttle 
runway orientation, 
The winds were recorded a t  the Cape Canaveral Air Force Station 
(CCAFS), In March 1978 the wind observation site was moved to the Shuttle 
runway. Even though the Shuttle runway (approximately 11.5 miles northwest 
of the CCAFS wind observation site) may exhibit some differences in  the wind 
regime - perhaps more thunderstorms o r  different sea-breeze effects - the 
wind statistics presented provide the best available mission planning information 
to date. This document supersedes NASA TM-78181 and should be used in place 
of it. 
I I .  ARRANGEMENT OF TABLES 
Tables a r e  numbered and arranged by monthly reference period, with 
subnumbers used to identify the crosswind, tailwind, headwind, o r  reversal 
statistics within each month a s  follows: 
Section III 
Crosswind: Tables 1.1 through 13.1 
Tailwind: Tables 1.2 through 13.2 
Crosswind versus Tailwind: Tables 1.3 through i 3 . 3  
Headwind Reversals: Tables 1.4 through 13.4 
Headwind: Tables 1.5 through 13.5. 
I I I. RUNWAY CROSSWINDS, TAILWINDS, AND 
HEADW I ND REVERSALS 
A. Background 
A study similar to the one presented here was previously done for the 
NASAhSC, Florida a rea  in October 1972 I 11. That study used hourly peak 
ground wind data to determine optimum runway orientation by minimizing 
critical high crosswind component frequencies. The proposed runway orienta- 
tion was then used in conjunction with the hourly peak wind data to determine 
frequencies of headwind-to-tailwind reversals that resulted in specified tailwind 
speeds. The present KSC wind study expands on the two types of information 
determined previously for KSC and adds a section on tailwinds and headwinds 
?lone. This type of runway wind study was also completed for the Edwards AFB 
area  121. 
B. Runway Orientation 
The runway of interest for NASA Shuttle Orbiter landings a t  KSC is Space 
Shuttle runway 15-33 (150-330 degrees). Figure 1 is an artist 's coi~ception of 
the Space Shuttle Orbiter making i ts  final approach (toward the northj onto the 
KSC runway end 33 after completing a space mission. Figure 2 indicates the 
general layout of the Shuttle runway. The runway is designated 15-33 because 
of its angle of separation in  degrees clockwise from magnetic north and indicates 
a pilots approach toward that direction. That is, a pilot desiring to land toward 
the south on 15-33 would enter from the north end ( 15), thereby allowing him to 
land toward 150 degrees. The runway orientation with respect to true north is 
within 0 . 5  degree of magnetic north. A11 magnetic runway wind statistics given 
in  this report were computed with respect to true north. 
The Shuttle runway i s  oriented so  that a vehicle landing from the norti~west 
toward the southea t  ~ 1 1 1  probably be landing into a headwind during the summer 
months. Figure 3 [ 3 ]  gives the prevailing s u r h c e  wind direction versus hour 
and month. The respective percentages of the prevailing direction arc given 
within each box. These prevailing KSC wind directions were developed by using 

Figure  2. hSC Space  Shuttle runway 15-33. 
hourly mean values. General ly,  a 1-minute average  i s  taken about each  hour ,  
on the hour ,  to  obtain a mcan hourly wind. F r o m  F i g u r e  3 one can  s e e  that  
runway 15 headwinds (winds f rom c a s t  through south)  prevai l  f rom Apri l  through 
September for  mos t  all hours of the day. Headwinds f o r  runway 33 (winds f rom 
the northwest and nor th)  prevai l  in the winter  for  m o s t  all hours f rom November 
through Februa ry ,  with March  and October classif ied a s  t ransi t ion months. 
Mean hourly su r f ace  wind speeds  ( in  knots) v e r s u s  hour and month a r e  given in 
F i g u r e  4 [3].  i t  can he  seen  that wind magnitudes genera l ly  pick up during the 
afternoon hours  [1200-1700 local s tandard  t ime  (LST)]  , with l a r g e r  magnitudes 
generally observed  during the fa l l ,  win ter ,  and s p r i n g  months. The  KSC mean 
wind information, as presented in F i g u r e s  3 and 4 ,  i s  not t o  be confused with 
the peak wind s ta t i s t ica l  tables presented in the r ema inde r  of this  r epor t .  
KSC AUG 60 - DEC 70 P.(XR. 
3 hour INTERVALS (LST 1 
Figure 3. KSC perccntagc of prevailing wind dircction. 
C. Eata Used 
The ground wind spccd :1nd dircction data used in this study were taken 
from a magnetic tnpc con1:uning the CChFS hourly surface pcali wind obscrva- 
tions (similar to Ikfcrcncc 4 ) .  T h e  pcrioti o f  rccord cxtcndcd from Septmiber 
1958 through Dcccnibcr 1977. The tapc gavc a to ld  of 159,038 hourly peak wind 
observations for KSC, Florida. A11 c : ~ l n ~ s  wcrc included in thc data s m p l e .  
The hourlv peak wind samplc used hcrc i s  thc peak wind speed (and associated 
direction) obscrvcd bctwccn 30 minutes prior to and 30 nlinutcs after the hour. 
Speeds were read to the ncarcst wholc knot, dircctions to thc nearest dc, ~ e e .  
During the period of rccoid thc :mcnlonlctcr location was changcd several times. 
However, most of thc obscrv:itions wcrc nladc approxiliiatcly li) n e t c r s  (33 feet) 
KSC P.O.R. AUG SO - DEC 70 
3 hour lNT ERVALS (LST 
5 
5 
Figure 4. KSC rncan surfacc wind speed (knots). 
above naturd gradc. In Space Shuttlc vchicle ground wind relatcd analyses, 
peak wind speeds ( o r  gusts) a rc  generally more uscful in design, mission 
plmnir - and operational activities. 
D. Computational MethodslEquations 
1. Crosswind Prc.cedurc. This scction lncludcs a disl:~:ssion of t.he 
computational methods used in obtaining the percentage frequency of occurrence 
within critical crosswind intcrvds,  i . e . ,  1 to 4, 5 to 9, 10 to 14, 15 to 19, 
20 to 2 4 ,  ;tnd 25 and up knots. The crosswind equation used for t?w runway is: 
Crosswind = (s in I WD-RA I x WS) 
where 
RA = runway angle measured from true north 
WD = wind direction in degrees clockwise from true north 
WS = wind speed in knots. 
The runway crosswind 7omponent for each observation was computed and then 
checked against the several critical crosswind intervals, ard a tally 'xas entered 
into the appropriate matrix position. Every wind observation ( 159,938 total 
observations) was handled in  this manner. 
The percentage frequency of occurrence of crosswind components within 
these critical intervals was next calculated for each matrix position by dividing 
the total number in that position by the total number of observations and multi- 
plying by 100; i.e., 
Percent irequency = (s/T) x 100 ( 2 )  
where S is the number of cases within the critical crosswind interval and T is the 
t o t d  number of wind observations for that time interval. These runway crosswind 
percentage frequencies a re  given by month in T a l i i ~ s  1.1 through 13.1 for each 
3 hour period of the day. 
2. Tailwind Procedure. In  addition to critical crosswinds adversely 
affecting the landing of space vehicles and aircraft, headwind reversals (i.e , 
a headwind changing to a tAlwind) also can present problems. Given in this 
section a re  percent frcquency of occurrence tables that pertain to critical tail- 
wind and tailwind/crosswind speeds, The c ross-~ ind  conlputations discussed i n  
the last  section of this report do not require a specification of the landing 
direction since a wind component is calcu1:tted normal to the runway. This 
means that a critical crosswind that affects the vehicle from either the left o r  
right side i s  tallied. kiowever, in analyzing headwinds and tailwinds, the direc- 
tion of the component parallcl to the runway is important. If, for example, i t  
were necessary to land on runway 15 (from northwest), a wind component from 
the northwest ( a  tailwind) would be unfav~rable. In the conlputations performed 
here, parallel runway winds were computed using the followiqg formula: 
Parallel wind = (cos / WD-RA ( x WS) 
where 
RA = runway angle measured from true north 
WD = wind direction in  degrees clockwise from true north 
WS = wind srjeed in  knots. 
When computing a parallel runway wind, sign is important. If equation (3) gives 
a positive velocity (+) , i t  defines a tailwind. Conversely, a negative velocity (-) 
defines a headwind, Critical tailwind interval limits of 1 to 4, 5 to 9, 2nd 10 and up 
knots were used by hour and month in computing the runway tailwind probabilities 
as given in Tables 1.2 through 13.2. Finally, crosswind-versus-tailwind per- 
centages a r e  given in  Tables 1.3 through 13.3 by month and hour for each runway. 
3. Headwind Reversal Procedure. In this analysis of runway headwind 
c~mponents  an attempt has been made to answer some basic questions concerning 
I-hour wind reversal frequencies. Fo r  example, ( 1) What is the probability that 
the wind component parallel to the runway will reverse direction? ( 2 )  Do 
reversals  from northwest to southeast components occur a s  frequently as south- 
eas t  to northwest changes? (3) Suppose the wind direction a t  some specified 
time is known; what then is the conditional probability of a reversal?  
a. Frequency of Wind Reversals. To calculate this value i t  is only 
necessary to count those cases when thc parallel wind component switches from 
one hour to the next; i. e. , if the component goes from (+) to ( -) o r  from ( -) to 
(+), this indicates a switch and is tallied. Dividing this tally by the entire 
hourly data sample gives a percent frequency (occurrence rate) of the wind 
reversing on the runway over that time interval. This procedure is expressed 
in equation (4) iis follows: 
where 
X(1, J) = percent frequency of parallel component; wind reversal for 
month I and time period J 
Y(1, J) = number of occurrences of parallel wind reversals during 
month I and time period J 
Z(1, J) = total observations during month I and time period J.. 
The reversal tallies were entered on the resulting hour; i.e., a rtv:3rsal wind 
between 0700 and 0800 LST i s  entered at 0800 LST (the resulting time). However, 
since hours a r e  combined into time intei-vals, this was entered a s  a tally within 
the 06-08 3hour  time interval. These values a r e  listed in  column 1 (TOTAL) of 
Tables 1 .4  through 13.4A. 
b. Southeast to Northwest and Northwest to Southeast Reversals, 
How often does a southeast wind component reverse to a northwest wind compo- 
nent from one hour to the next? To compute these reversals ,  the number of south- 
eas t  to northwest component changcs a re  tallied and then divided by the total 
number of observations for that time period. These values appear in column 2 
(HEAD-TAIL) of Tables 1.4  through 13.4A for runway 15 but in  column 3 
(TAIL-HEAD) for runway 33. Wind component changes from northwest to  
southeast a r e  calculated in  t,he same way. 
c ,  Conditional Wind Reversals. Givcn a southeast parallel compo- 
nent wind initially, how often does this southeast wind change into a northwest 
wind component by the nex* hour ? This third question deals with the conditional 
statement that given a southcast wind, what is the probability of i t s  changing 
into a northwest wind; i.e., P(NW1SE). In this third question we must look at 
only the hourly southeast components in the data sample and then tally the 
southeast to northwest wind changes over an aour. This tally must be divided 
by the number of southeast wind components in the s m p l c ,  not by the total data 
sample, because prior lcnowlcdge of the wind direction i s  assumed (i.e., south- 
east  winds a re  set  as  given initially). See columns 4 and 5 of 'Tables 1 .4  through 
13,4A. Likewise, column 5 presents the conditional percentage frequency of a 
northwest to southeast reversal by using the srlme method. 
In this section the following conditioml probability equation was used:' 
1. The terminologj given here i s  reversed when consideriilg the probability of 
a headwind given a tailwind. 
where 
P(x I z ) ~ ,  = conditional probability of the occurrence of a tailwind (X) 
given a headwind (Z)  initially during month I and time J 
Y(1, J) = the number of headwind-to-tailwind changes during month I 
and time period J 
Z (I, J )  = the total number of headwinds in  the mcnth Vtime J data 
sample. 
Tables 1.4B through l3.4B also give headwind reversal statistics, but here the 
statistics a r e  broken out into specified resultant tailwind magnitude categories 
(i.e., resultant tailwinds of >0-3, 4, 8, >8 knots). 
Throughout this headwind reversal section both c a L  conditions and direct 
crosswinds were considered as favorable landing conditions. 
4. Headwind Component Procedure. Headwind component statistics 
parallel to the runway a r e  often requested. Computed in Tables 1.5 through 
13.5 a re  cumulative percentage frequencies of headwind componerits calculated 
along the runway during daytime hours (06-17 hours). These tables were 
computed by equation (3 ) ,  using only those wind observations that displayed 
a headwind component along the specified runway. This means that for the 
runway 15 computations, for example, all observations of wind directions from 
approximately west throligh north to east  (tailwind components) were eliminated. 
This accounts for the lower number of t o ' d  observations given in  the tables. 
The component speed column should be interpreted a s  follows: 0-1 includes 
speeds from 0 to 0.3 knot; 1-2 contains values from 1.0 to 1.9 knots, etc. 
Calms are  included in the zero category. 
E. Explanation of Tables 
Tables 1.1 through 13.1, 1.2 through 13.2, and 1 . 3  through 13.3 of this 
report a r e  presented a s  percentages of crosswinds o r  tailwinds within selected 
wind speed i n k  v d s  only. Since probability questions of the type "greater than 
o r  equal to a certain value1' a r e  usually asked (indicating an accumulated effect), 
one must add together rows of percentages and, at times, columns as well. 
Tables 1.4A through 13.4A give the percent of wind reversals for "all" resultant 
tailwind ( o r  headwind) magnitudes, whereas Tables 1.4B through 13.4R break 
out the r eve r sd  statistics into specified tailwind categories. 
The critical crosswind o r  tailwind speed interval hezdings, 1 to 4, 5 to 9, 
etc., are to be interpreted as 1 through 4 knots, 5 through 9 knots, etc. Also, 
zero crosswinds a re  classified as all winds that a r e  (1) calm, (2) < 1 knot, and 
(3)  parallel to the runway. Zero tailwinds have not been tabulated, but all 
tailwinds > 0 knots and < 1 knot were placed within the 1 to 4 knot classification 
interval during data analysis. The time intervals given (i.e., 00-02, etc.) 
indicate eight 3 hour intervals, and they a re  expressed in  LST. 
1. Crosswind Example. Tables 1.1 through 13.1 give percentages of 
critical crosswind occurrences within critical crosswind speed intervals versus 
hour of day for the runway and month. Since runway end number does not matter 
when computing crosswinds, the runway i s  listed a s  15-33 on these tables. 
Examples follow concerning the use of Tables 1.1 through 13.1 in  which cross- 
wind occurrence percentages can be easily calculated by summing up percentages 
in  the appropriate row. For  runway 15-33 between hours 00-02 for the April 
reference period, Table 4.1 gives a 56.53 percent chance of er~countering a 
crosswind r 5 knots. One must add 34.14 + 14.53 + G .  43 + 1.24 + 0.19 = 56.53. 
This also means that 43.48 percent (i.e., 35.56 c 7.92 = 43.48) of the cross- 
winds a re  < 5 knots. Similarly, crosswind perccntagcs r 20 knots can be 
computed for all hours on runw:iy 15-33 by :tdding, on the 00-23 line (under H R S ) ,  
0.36 + 0.20 to 'wrive nt a percentage of 0.56. In this same category, zero 
crosswinds ( c d m  conditions, crosswinds < 1 knot, o r  winds parallel to the 
runway) occur 2.19 percent of the time. 
2. Tailwind Example. Tables 1.2 through 13.2 give percentage fre- 
quencies of tailwind components within critical tailwind speed intervals versus 
hour of day for the runway heading and month. Since landing direction does 
play a part in the computation of tailwinds (o r  headwinds), the runway is listed 
a s  15 and 33, indicating the approach direction (i. e. , 15 i s  landing into 150 
dt!grees from tEd northwest end of the runway). Some examples follow that 
indicate th ? I I ; ~  of Tables 1.2 through 13.2. Again, the format of the tables i s  
similar to  at of Tables 1.1 through 13.1, ,and the tailwind statistics presented 
are not. .ccumulated. The April tailwind percentage e 5 knots between 00-02 
hour..: LST for runway 15 as presented on the left side of Tnble 4.2 i s  18.31 
( ,1.07 + 7.24 = 18.31). Tho comp:inion table of 4.2 indic:ttcs a tailwind per- 
~ e n t a g e  of 42.74 for runway 33 for the ~ i n w  specified conditions. The -12.74 
percent on runway 33 can :dso be interpzeted a s  ihc percentage of headwinds on 
xunway 15. A tailwind on onc runway hc:ding (03) i s  :I headwind on the other 
end of the rmway (15). Combined pcrcentilcs for :dl hours can be obtained 
from the 00-23 row. 
Tables 1.3 through 13.3 give percentages for the joint occurrence of 
winds within selected crosswind versus tailwind speed intervals. These monthly 
tables a r e  presented for  each end of the runway and a re  displayed by hour of 
day ( LSTj Tables 1.3 through 13.3 offer the addantage of obtaining percentages 
by choosing the critical crosswind and tailwind limits concurrently, not 
separately. That is, suppose both crosswinds and tailwinds z 5 knots a r e  
critical to a landing operation for 00 hours during April on runway 15, one would 
find the intersection number that pertains to the intervals of crosswind 5 to 9 and 
tailwind 5 to 9. In this case, the number in Table 4.3 is 3.90 percent. This i s  
cot the percentage number needed since these table percentages, again, a re  not 
accumulated. Therefore, one must sum all the tailwind rows 2 5 knots that 
encompass a l l  crosswind values r 5 knots. This will satisfy the required 
condition. Figure 5 illustrates the Table 4.3 example in more detail in  that the 
percentage numb,?rs to be added a r e  enclosed by dashed lines. The total required 
sum of these ten numhers is 12.25, which i s  the required percentage. 
a. TOTAL PERCENTAGES WITHIN DASHE,D I . - - )  AREA = 1225 PERCENT. 
RUNWAY 15, HOUR 0, KSC, FLORIDA, APRIL 
Figux 5. KSC crosswind/tailwind speed interval percentages. 
TAILWIND 
LIMITS 
Since Tables 1.3 through 13.3 a re  the most involved of the tzbles pre- 
sented thus far,  a few notes of caution a re  issued that one should remember 
while using them. The total row and column offer a sum of all rows o r  columns, 
respectively. The total column (of Tables 1.3 through 13.3) has also added into 
it all the zero crosswind percentages. The percentage numbers enclosed by 
asterisks in Figure 5 show the percent frequency of tailwinds without regard to 
crosswind components. An example of using the total row follows. If one needs 
the percentage of all crosswinds r 5 knots on runway 15 a t  00 hours in  April 
which encompasses all tailwind categories, he can sum the numbers 11.87, 7.24, 
1.67, 0.37, and 0.19 to arrive at 21.34 percent. 
CROSSWIND LIMITS 
1 4  5-9 10.14 15-19 20-24 25-UP 
2. Figure 5 is taken from Table 4 .3 ;  because of 
numbers shown here may not total exactly. 
ZERO 
CROSS ~ 0 i . 4 ~ '  
Why is this value s o  much less  
computer round-off, the t?bular 
than the 56.53 00-02 hour percentage of crosswinds r 5 knots on runway 15-33 
from Table 4. l?  The answer is that the 21.34 percent corresponds to crosswinds 
r 5 knots with regard to all tailwind categories. Tables 1.1 through 13.1 give 
crosswinds e 5 knots with regard to all parallel winds (tat1 and head combined). 
To obtsun comparable numbers, one must calculate from Table 4.3 the cross- 
wind percentage r 5 knots (33.22 percent) with regard to all tailwinds on 
runway heading 33 ( a  headwind on runway 15) and add the two percentages 
(21.34 + 33.22) to arrive at  54.56 percent, which corresponds closely to Table 
4.1 values. The numbers will not be exact because Tables 1.1 through 13.1 and 
1.2 through 13.2 give statistics in 3 hour groups, while Tables 1.3 through 13.3 
a r e  by each individual hour. Both tailwinds and headwinds from Tables 1.3 
through 13.3 may have to be used depending upon the application. 
3. Headwind Reversal Example. Tables 1.4A through 13.4A give the 
percentage of parallel runway ~ i n d  reversals that answer the three questions 
posed ear l ier  in this report concerning different runway wind reversal classifica- 
tions. The:je tables present the probabilities for each runway end by month and 
. 3 hour time period. Column 1 answers question 1 and gives the total reversals 
for all observations (within time and month category). Columns 2 and 3 answer 
question 2 by giving the percent frequency of headwind-to-tailwind and tailwind- 
to-headwind reversals,  respectively, for dl observations. Question 3 on 
conditional probability is answered in columns 4 and 5 .  I t  should be noted that 
the statistics presented in  Tables 1.4A through 13.4A deal with the probability 
of reversals without regard to the resulting parallel-wind magnitude classifica- 
tion, a s  presented in  Reference 1. This means, for example, that the columns 
regarding headwind-to-tailwind reversals (columns 2 and 4) were computed for 
all resultant tailwind components. On the "A" tables, all magnitudes of the 
resultant tailwinds were combined before the statistics were computed. However, 
Tables 1.4B through 13.4B present these same reversal statistics with respect 
to different categories af the resultant tailwind magnitudes. 
These statistics should prove valuable to both the mission planner and 
the operational control authority because they are  based upon a prior knowledge 
of the wind-type information that will be lrvdable during the mission. For 
example, consider a landing planned for 1000 LST in April on runway 15. 
Assume that the wind observed at 0900 I S T  i s  known to have a headwind com- 
ponent along that runway. Table 4.4A, column 4, indicates that 7.14 percent 
of those wind observations changed to such an extent that a t  the following hour 
(100b LS?') there was a tailwind component on runway 15. This percentage can 
also be obtained from the appropriate total colun~n of Table 4.4B. Restated in 
t e rms  of risk: with a known headwind component at 0900 LST, the risk of change 
to a tailwind component a t  1000 LST is approximately 7 percent. Of course, 
this r isk statement does not consider the forecast capability that would bc utilized 
in the real-time operation. 
If the investigator were interested i n  the percent of headwind reversals of 
all reversals which resulted in a tailwind of r 4 knots, this can be obtained from 
Table 4.4B by adding 1.73 and 0.71 to arrive a t  2.44 percent. 
4. Headwind Component Example. Tablcs 1.5 through 13.5 give cumu- 
lative percentage frequencies of headwind components along the runway during 
the daytime hours. The use of the tables i s  illustrated by the following example: 
'What i s  the r isk of a headwind component r 20 knots on runway 15 at 12-14 
hours in April?" Table 4.5 shows that 91.43 pcrccnt of the headwind observa- 
tions were 5 19.9 knots. Conversely, there is a S. 57 percent risk of speeds 
2 20 knots. 'What is the 95 percentile h c a h i n d  component speed from the 
same table ?" Interpolation between 93.01 and 95.06 for 95 results in a speed 
of approximately 22 knots (in this case, closer to 23) .  
IV .  CONCLUSION 
In summary, this report provides different types of wind statistics 
applicable to the KSC, Florida area. Ground-level wind statistics are given 
computed with regard to the KSC Space Shuttle runway orientation. Crosswinds, 
tailwinds, headwinds, and headwind reversals a r e  the different parameters 
computed by critical c lass  intervals for hour, month, and runway. If cumula- 
tive percentage results a r e  needed, one must follow the procedures given in  this 
report and accumulate the appropriate percentages. The reader should consult 
Reference 1 for a further discussion concerning some small sources of e r r o r  
introduced by the use of peak wind data samples. 
Further climatological and wind information involving the KSC a rea  can 
be obtained from References 5 through 8. 
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